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ico, Peru, and southwestern Africa. Studies of other marine
sedimentary environments, such as the Atlantic shelf of the
United States, the Bass Strait of Australia, the Chatham Rise
of New Zealand, and selected seamounts in the tropical north-
western Pacific Ocean could contribute to an understanding of
the conditions under which phosphorites such as the Miocene
and Pliocene deposits of the southeastern United States were
formed. A number of the existing hypotheses of origin could
be tested and sharpened by such marine sediment studies.

Finally, marine phosphate sedimentation should be quan-
titatively modeled using data from ancient rock studies and
supported by laboratory and marine geologic studies to develop
a better predictive capability for use in phosphate prospecting.

Studies of the fate of weathering products of phosphorite and
their occurrence in groundwater should be carried out. These
include fluorine, helium, and perhaps trace metals.

POTASH

Potash is concentrated in saline waters and deposited as eva-
porite minerals; its origin is no mystery. However, the proc-
esses of chemical sedimentation are imperfectly understood,
particularly with respect to basin fluid dynamics and geochem-
ical processes attending surficial evaporation. Three kinds of
modeling studies are needed to enlarge the geologic under-
standing of the basinal distribution of potash deposits. First,
geologic facies studies of rocks containing potash need to be
carried out to develop conceptual sedimentation models based
on real deposits. Second, these conceptual models should be
tested by computer modeling. Finally, scale modeling should
be carried out in arid areas to test the results of the first two
modeling studies.

The use of Br geochemistry is a promising geochemical method
for potash exploration (Raup and Hite, 1978). Bromine is in-
corporated through solid solution into halite as it is precipitated
in an evaporite basin. The amount of Br in the halite appears
to be proportional to the Br content in the brines from which
it precipitated. Because Br is concentrated in the brine through
an evaporation cycle and through a period of increasing salinity,
the Br in the halite also increases. By determining the amount
of Br in halite rocks, it is possible to reconstruct the history of
hypersalinity in an evaporite basin (Raup et al, 1970). From
experience it is known that when the Br content reaches ap-
proximately 250 parts per million in the halite, potash minerals
begin to precipitate. By analyzing enough halite samples in a
basin, it is possible to determine if and where potash may be
present, A recent major potash discovery was made in Thailand
using this method (Hite, 1974, 1977).

Reconstruction of the salinity history of an evaporite basin
can also be used to indicate depositional sites for other rock
types associated with the evaporites. In the Paradox Basin,
Utah, Hite (1970) was able to show that algal carbonate rocks
were deposited on the edge of the basin in response to specific
changes in basin salinity. These rocks are now reservoirs for
petroleum.

More information is needed on the details of Br geochemistry
in evaporite basins, and we need to know more in general
about the mechanisms of evaporite formation.

ZEOLITES

The genesis of zeolites in sedimentary rocks is understood in
general terms; however, several problems merit additional study.
Phillipsite and clinoptilolite are the chief zeolites in young
deep-sea deposits, but the relative importance of the precursor
materials and the interstitial fluids in their formation are un-
known. Tuffs of originally rhyolitic composition in deposits of
alkaline, saline lakes characteristically yield a variety of zeolite
minerals, but the factors that control which particular zeolite
forms are poorly understood (Sheppard and Gude, 1973). Low-
temperature experimental studies, combined with studies of
the zeolites and associated interstitial fluids in Holocene tuffs
currently undergoing alteration, may provide some answers.
Another problem that warrants investigation is the relationship
of the chemistry of a certain zeolite species to the geologic
setting of the host rock.

Other areas of research of a technological nature that deserve
consideration are (1) development of techniques for the sepa-
ration of zeolites from the gangue, (2) development of tech-
niques for the separation of one zeolite from another, and (3)
chemical or structural modifications of natural zeolites to in-
crease their usefulness (Sheppard, 1973). Natural zeolites or
zeolitic rocks will undoubtedly be used in many industrial and
agricultural processes; however, additional applied research is
necessary to achieve these goals.

LITHIUM

Major future resources of Li will probably come from brines
or sediments in saline lakes. Determination of the source of Li
in the lakes would be a key to establishing successful explo-
ration techniques. Likely possibilities are (1) that the Li was
leached from subsurface rocks by deep groundwater circula-
tion, which was stimulated by subsurface heat and volcanic
activity, and (2) that the Li was introduced to the lakes by near-
surface leaching of volcanogenic rocks (Vine, 1976). When dis-
charged into a lake that has no outlet, Li may become con-
centrated by evaporation to form a Li-rich brine or react with
saline waters and shallow sediments (especially those contain-
ing volcanic ash) to form Li-bearing minerals such as hectorite,
Nao.33(Mg,Li)3Si4010(F,OH)a. Additional Li resources may be
discovered by locating lake basins that contain brines and de-
termining if the brines or associated sediments are rich in Li
(Vine and Brenner-Tourtelot, 1977), Lithium isotope ratios may
be useful in distinguishing thermal source areas. Exploration
targets may be narrowed by using existing geophysical tech-
niques such as gravity, direct current resistivity, and electro-
magnetics to locate the presence of, or the depth to, subsurface
brines and salt bodies (Smith and Mabey, 1976). Remote-sen-
sing techniques may also be useful in recognizing thermal areas
and in distinguishing playa surfaces of different textures and
mineralogy. Evaluation of drillholes might be aided by devel-
opment of new downhole probes, such as a specific ion detector
that is sensitive to Li or a Li detector that would take advantage
of the high neutron-absorption profile of Li.